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Our labora tory  a t  the Johnson Space Center has employed the  H-ref lex recorded from 

the  soleus muscle as a method o f  monosynaptic r e f l e x  t e s t i n g  i n  conjunct ion w i t h  v e r t i -  

c a l  l i n e a r  accelerat ion t o  assess modi f icat ion o f  u t r icu lo-saccular  f unc t i on  induced 

through prolonged exposure t o  microgravi ty.  It was hypothesized t h a t  exposure t o  f r e e  

f a l l  would reduce the  necessi ty f o r  postural re f lexes  i n  the  major l e g  muscles, and 

t h a t  postura l  mod i f i ca t ion  would r e f l e c t  a change, not  i n  the per iphera l  ves t ibu la r  

-_ - 

organs, but more cen t ra l l y .  This postural adjustment would r e f l e c t  a sensory motor 

rearrangement where o t o l i t h  receptor input  was re in te rpre ted  t o  provide an environment- 

a l l y  appropr iate response. I n  addi t ion t o  t he  H-ref lex (which was the  o n l y  i n f l i g h t  

measurement), vest ibu lo-sp ina l  EMG from the gastrocnemius, and sel f -mot ion repor ts  were 
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obtained i n  response t o  a sudden e a r t h  v e r t i c a l  f a l l .  P re f l i gh t ,  i n f l i g h t  and post- 

f l i g h t  motion sickness repor ts  were a lso recorded, and r e l a t e d  t o  t h e  H-ref lex data. 

The r e s u l t s  ind icated t h a t  e a r l y  i n f l i g h t  H-ref lex amplitude was s i m i l a r  t o  t h a t  

recorded p r e f l i g h t ,  but  t h a t  measuremi3nEs obtained l a t e r  i n  the f l i g h t  (day seven) d i d  

not  show a change i n  po ten t i a t i on  as a function o f  the d i f f e r e n t  drop t o  shock i n t e r -  

vals. Immediate p o s t f l i g h t  H-reflex response i n  three o f  the fou r  astronauts tested 

showed a rebound ef fect .  P o s t f l i g h t  gastrocnemius EMG i n  response t o  the sudden f a l l  

d i d  n o t  show a s i g n i f i c a n t  change from p r e f l i g h t  values. However, one crewman who was 

tested e a r l y  p o s t f l i g h t  d i d  show an increase i n  EMG a c t i v i t y  i n  response t o  the sudden 

f a l l .  Self-motion per- 

cept ion obtained i n f l i g h t  suggested t h a t  the e a r l y  i n f l i g h t  drops were perceived l i k e  

those p r e f l i g h t .  Drops l a t e r  i n f l i g h t  were described as sudden, fas t ,  hard and trans- 

l a t i o n a l  i n  nature. Immediately p o s t f l i g h t  the drops were perceived l i k e  those l a t e  

i n f l i g h t ,  and the  astronauts said t h a t  they d i d  not f e e l  as though they were f a l l i n g .  

Rather the f l o o r  came up t o  meet them. Post hoc peak H-ref lex amplitude, both pre- 

f l i g h t  and p o s t f l i g h t  was r e l a t e d  t o  i n f l i g h t  space motion sickness. 

This immediate p o s t f l i g h t  e f f e c t  returned t o  basel ine rap id l y .  

-- 

KEY WORDS: H-reflex - Earth Ver t ica l  F a l l  - Utriculo-Saccular - Vest ibular - EMG - 

INTRODUCTION 

- _  
Space Motion Sickness - Vestibulo-Spinal - Space F l i g h t  - Spacelab-1 

have been postural  Two o f  the most dramatic changes re la ted t o  o r b i t a l  f l i g h t  

turbances (Homick and Reschke, 1977) and modified re f l ex  a c t i v  

bearing postura l  muscles (Baker, et.  al., 1977; Vorokyov, et .  

d i  s- 

t y  i n  the major we ght- 

a1 . , 1982; Clement, e t .  

at., 1985). Recently i t  has been suggested t h a t  these changes are due t o  sensory 

2 



cep t i ve  i npu t  (Lackner, 1978; Reschke, et. al., 1984a; Young, e t .  al., 1984; 

et. al., 1983, 1984, 1985). The re in te rp re ta t i on  o f  o t o l i t h  s ignals  i s  o f  

nvest igat ion,  and may.be revealed dur ing f l i g h t  and immediate 

i n  postural  responses, eye movement re f l exes  and self-motion 

rearrangement and may represent a re in te rp re ta t i on  o f  vest ibular,  v i sua l  and propr io-  

Parker, 

primary 

y post- 

percep- 

i n t e r e s t  t o  t h i s  

f l i g h t  by changes 

t i on .  

Taking advantage o f  t he  powerful and established anatomical pathways t h a t  l i n k  the 

o t o l  i t h  receptors and spinal  motoneurons, our 1 aboratory a t  the Johnson Space Center 

(Reschke, e t .  al., 1985) has employed the H-ref lex (Hoffmann, 1918, 1922; Magladery, 

1955) recorded from the soleus muscle as a method o f  monosynaptic r e f l e x  t e s t i n g  i n  

conjunct ion w i t h  v e r t i c a l  l i n e a r  accelerat ion t o  assess modi f icat ion o f  utr iculo-sac- 

cu la r  f unc t i on  induced through prolonged exposure t o  microgravity. 

- The procedures f o r  e l i c i t i n g  the H-reflex i n  man have been we l l  documented by Hugon 

(1973). Using t h i s  method Watt (1976) investigated i n  decerebrate cats  the e f f e c t s  o f  

v e r t i c a l  accelerat ion on motoneuron pool e x c i t a b i l i t y  i n  the  lumbosacral sp ina l  cord. 

A s i g n i f i c a n t  r e f l e x  e f f e c t  r e q u i r i n g  a change i n  accelerat ion o f  k l g  o r  more, act ing 
-. 

on the o t o l i t h  apparatus f o r  the postural  mechanisms was observed. 

Matthews and Whiteside (1960) dropped human subjects i n  a seated p i t i o n  t o  invest -  

i g a t e  both s t r e t c h  ref lexes and the H-reflex as a funct ion o f  zero-g. Their r e s u l t s  

ind icated a decrease i n  amplitude o f  the H-reflex which occurred from 50 t o  100 msec 

a f t e r  the subject  was dropped. These r e s u l t s  are no t  consistent with observations by 

M e l v i l l  Jones and Wat t  (1971) o f  a short latency (75 msec) EMG response recorded from 

the gastrocnemius i n  man t o  the sudden unexpected short f a l l ,  o r  w i t h  the experiments 

of Greenwood and Hopkins (1974, 1976a, 1976b) who found t h a t  i n  longer f a l l s  (>200 
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msec) t h e  i n i t i a l  shor t  la tency EMG burst was followed by a second peak o f  a c t i v i t y  

t imed t o  occur before t h e  moment of landing. It seems u n l i k e l y  t h a t  the H-ref lex would 

be attenuated i n  t h e  same t ime frame as increased muscle a c t i v i t y  i n  the soleus and 
. .  

gastrocnemius i s  present. 

These e a r l i e r  observations o f  Greenwood and Hopkins (1974, 1976a, 1976b) were l a t e r  

supported w i t h  a study (Greenwood and Hopkins, 1977) which exposed subjects t o  an 

unexpected drop whi le  they were e i t h e r  seated o r  hanging i n  a parachute harness. 

Unl ike Matthews and Whiteside they found an ove ra l l  f a c i l i t a t i o n  (200-500%) over con- 

t r o l  i n  the soleus H-ref lex which began approximately '30 t o  40 msec a f t e r  release. 

More recent ly,  research i n  our laboratory (Reschke e t .  al., 1976; Reschke, et .  al., 

1979, Reschke, e t .  al., 1985) supports the  f i nd ings  o f  those invest igators  who show a 

po ten t i a t i on  o f  t he  H-ref lex response as a funct ion o f  f ree f a l l  and reduced g r a v i t y  

loads. Using human subjects we have employed soleus/spinal H-ref lex t e s t i n g  procedures 

i n  conjunct ion w i t h  an accelerat ive stimulus o f  approximately 1.89 through lg t o  free 

f a l l  (provided by NASA's KC-135 parabol ic airplane) t o  assess changes i n  the vest ibulo- 

spinal  motoneuron pool as a funct ion o f  var iable background acceler_ation on the oto- 

l i t h s .  
- _  

Based on the r e s u l t s  o f  these studies where the H-ref lex was modulated as a funct ion 

o f  grav i ty ,  i t  was hypothesized t h a t  exposure t o  f r e e  f a l l  f o r  a prolonged per iod o f  

t ime would reduce the  necessity f o r  postural re f l exes  i n  t h e  major postural  muscles, 

and t h a t  postural  modi f icat ion would r e f l e c t  a change, no t  i n  the per iphera l  vest ibu lar  

organs ( o t o l i t h ) ,  but  more cen t ra l l y .  This postural  adjustment would r e f l e c t  a sensory 

motor rearrangement where o t o l i t h  receptor i npu t  was re in te rp re ted  t o  provide an env i r -  

onmentally appropriate response. Based on t h i s  hypothesis, t h e  purpose of t h i s  
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experiment was to: 1) Invest igate vestibulo-spinal responses as a funct ion o f  pro- 

longed space f l i g h t ,  2) employ the  H-reflex as a means o f  determining the e x c i t a b i l i t y  

of t he  lumbar/sacral motoneuron pool, 3) invest igate the concept t h a t  vest ibu lar  adap- 

t a t i o n  (ut r icu lo-saccular  i n  p a r t i c u l a r )  i s  cen t ra l  ra the r  than peripheral, and 4) 

r e l a t e  space motion sickness s u s c e p t i b i l i t y  t o  the r e s u l t s  o f  the vest ibulo-spinal  

responses. 

METHOD 

Four o f  t he  s i x  crewmembers assigned t o  t h e  Spacel.ab-1 mission served p r e f l i g h t  and 

p o s t f l i g h t  as subjects for  t h i s  invest igat ion.  I n f l i g h t  two o f  these crewmen p a r t i c i -  

pated i n  data co l l ec t i on .  P r e f l i g h t  data were obtained 151, 121, 65, 44 and 10 days 

p r i o r  t o  the f l i g h t  (F-151, F-121 ..., etc.), on day 2 and day 7 o f  the 9 day f l i g h t  

(Mission Elapsed Time-01 and MET-06) and p o s t f l i g h t  on the day o f  landing (R + 0), and 

then on R + 1, R + 2, R + 4 and R + 6. A l a t e r  data po in t  was co l l ec ted  on one o f  t he  

crew a t  R + 120. 

Hoffmann Reflex 
- .  

(Figure 1 about here) 

The monosynaptic r e f l e x  as shown i n  Figure 1 was act ivated by  e l e c t r i c a l  s t imu la t i on  

of t he  l a rge  group I a  f i be rs  i n  the pop l i t ea l  nerve and recorded from the soleus mus- 

cle. A modif ied 269 hypodermic needle served as the cathode, and was inser ted i n  t h e  

p o p l i t e a l  fossa a t  a predetermined and permanently marked ( t a t t o o )  l oca t i on  on the 

r i g h t  leg. The anode, a 5 x 2.7 cm stainless s tee l  p l a t e  electrode, was secured j u s t  

above the p a t e l l a  a f t e r  c leaning the area w i t h  alcohol and applying Grass electrode 

paste. Di f ferent l e v e l s  o f  1 msec constant current  pulses l i m i t e d  t o  a maximum o f  20 

5 



I .  I 

mA were del ivered through an i s o l a t i o n  u n i t  under computer contro l .  A d i f f e r e n t i a l  

amp l i f i e r  and b i p o l a r  electrode conf igurat ion was used t o  record the r e f l e x  from the 

soleus muscle. The muscle response was band pass f i l t e r e d  by the  amp l i f i e r  between 50 

and 350 Hz, d i g i t i z e d  on l i n e  a t  2000-..samples/sec fo r  ground operations and a t  2560 

samp\es/sec inf l ight .  The recording electrodes (AMED disposable infant)  were placed on 

the  r i g h t  l e g  a t  predetermined and tattooed pos i t ions along the mid-dorsal axis over 

the soleus muscle j u s t  below the junct ion o f  t he  Ach i l l es  tendon and the two heads o f  

the gastrocnemius. P r i o r  t o  appl icat ion o f  t he  electrodes, the s i t e  was cleansed w i t h  

alcohol and the bevel edge of a 19 gage hypodermic needle was used t o  place a 1 mn long 

scratch i n  the  skin. Electrode impedance was checked and i f  i t  was greater than 5K 

ohms the  electrodes were replaced fol lowing a second sk in  scratch. The response t o  

s t imu la t i on  had two components: a d i r e c t  orthodromic muscle response (M-wave) w i t h  a 

latency o f  5 t o  10 msec t h a t  was followed 15 t o  20 msec l a t e r  by the monosynaphtic 

H-reflex. Because the  M-wave represented a d i r e c t  muscle response and i s  not  modif ied 

by sp ina l  components o r  descending signals, i t  was used as the  drop contro l  response t o  

assure constant e f f e c t i v e  st imulat ion.  The H-ref lex amplitude, assuming l i t t l e  presyn- 

ap t i c  con t ro l ,  re f l ec ted  the s e n s i t i v i t y  of the lumbosacral motoneuron pool as set  by 

the descending postural  con t ro l  signals. -- 
- .  

Vest ibular St imulat ion 

(Figure 2 about here) 

Vest i bu 1 ar  ( u t  r i cu 1 0-saccu 1 ar ) s t i mu 1 at  i on dur ing p r e f  1 i ght and pos t f  1 i ght t e s t i n g  

(Figure 2)  was provided by unexpectedly dropping the subject i n  a special  harness 

designed t o  leave the arms and legs f ree and unloaded, using a quick-release he l i cop te r  

cargo hook. The handle 

was engaged i n  the  quick release mechanism by r e q u i r i n g  the  subject  t o  stand on a s too l  

The subject 's harness was suspended from a T-shaped handle. 
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approximately 15 cm i n  height. Once the  subject was supported by the drop mechanism, 

t h e  s t o o l  was removed t o  leave the subject hanging free. For each drop the subjects 

were shocked three times. The f i r s t  shock, used t o  condi t ion the neural t issue, was 

fol lowed three seconds l a t e r  by a sho-ck t h a t  e l i c i t e d  a con t ro l  response, and the 

third, 3 t o  5 sec l a te r ,  was del ivered at  predetermined t ime delays from the onset o f  

the drop. Shocks dur ing the f a l l  occurred coincident w i th  the drop (0 msec delay) o r  

a t  10 msec i n t e r v a l s  up t o  80 msec fol lowing i n i t i a t i o n  o f  the drop. An experimental 

session was comprised o f  f ou r  drops a t  nine randomized delay times f o r  a t o t a l  o f  

t h i r t y - s i x  drops. The averaged response t o  the t e s t  shock was normalized w i th  respect 

t o  the averaged con t ro l  shocks and presented as a percent change i n  H-wave ( o r  M-wave) 

amplitude. To insure t h a t  the af ferent v o l l e y  which produced the  H-reflex d i d  not 

e x c i t e  100% o f  the motoneuron pool and occlude the e f f e c t  from the sudden f a l l ,  two 

methods were used. F i r s t ,  recruitment curves f o r  the M and H-waves were determined 

p r i o r  t o  each ser ies o f  drops. These curves were generated by shocks a t  threshold 

l eve l  used t o  produce a j u s t  detectable H-reflex, and then the current  was increased i n  

d iscreet  steps u n t i l  a maximal H-ref lex was obtained. Further increases i n  current  

were then used t o  produce a maximal M-wave and block the  H-response through antidromic 

c o l l i s i o n .  E ight  responses were summed at  each d iscreet  current  step. Second, w i th  

the subject i n  the hanging posit ion, amplitude o f  the H-ref lex was set  a t  50% o f  maxi- 

mum amplitude. This procedure was employed because the amplitude o f  the H-ref lex 

f requent ly  changed from the standing recruitment curve t o  the hanging pos i t ion.  The 

-. 

50% amplitude o f  the H-ref lex was v e r i f i e d  fo l lowing 

aborted i f  the  con t ro l  H-ref lex amplitude was lower 

establ ished i n  the hanging posi t ion.  A dedicated m 

l i n e  t o  con t ro l  the experiment. Four programs were 

every f o u r t h  drop, and a drop was 

o r  higher than 50% o f  the maximum 

crocomputer (LSI-11) was used on- 

juppl ied w i t h  the computer. These 

included: (1) con t ro l  of the drop mechanism; ( 2 )  H-ref lex st imulus sequenceldelay; (3 )  

data co l l ec t i on ,  storage and analysis; and (4)  graphics. 
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I n f l i g h t ,  we used the Canadian "hop and drop" s t a t i o n  (Young, e t .  al., 1984), a 

specia l  harness arrangement t o  unload the subject 's arms and legs, drop apparatus and 

ca l i b ra ted  bungie cords (Figure 2) adjusted t o  p u l l  t he  subject  t o  the f l o o r  o f  the 

Spacelab with a t r a n s i t i o n  f rom f r e e  f a l l  t o  -1g. A s too l  velcroed t o  the deck o f  the 

Spacelab allowed the  subject  t o  engage the T-handle i n  the drop mechanism. The drop t o  

shock delay times employed i n f l i g h t  ranged from 0 t o  70 msec i n  10 msec increments. On 

MET-01 f o u r  responses a t  each o f  the eight delays were recorded. On MET-06 on ly  two 

responses a t  each o f  the delay times were obtained. Recruitment curves were obtained 

p r i o r  t o  each session w i t h  the subject standing and rest ra ined w i t h  the bungie cords. 

The i n f l i g h t  computer ( a  modified POP-8e) was used t o  con t ro l  t he  experiment, release 

the drop mechanism, time the e l e c t r i c  shock and c o l l e c t  the data. The data was e i t h e r  

"dumped" r e a l  t ime t o  the  ground, o r  stored on d i g i t a l  tape u n t i l  i t  could be dumped. 

P r e f l i g h t  and p o s t f l i g h t  s k u l l  accelerat ion was obtained, w i t h  a DC l i n e a r  Z axis 

dccelerometer attached t o  a b i t e  board and held i n  t h e  subject 's  mouth dur ing the 

drop. I n f l i g h t  (Young, et .  al., 1984), the accelerometer was attached t o  the back o f  

the head w i t h  a Velcro s t rap  arrangement. The signal  from the  accelerometers was d i g i -  

t i z e d  a t  approximately 100 samples/sec. Actual release times f o r  t h e d r o p s  were deter-  

mined by comparing the computer voltage comnand t o  drop w i t h  the accelerometer output. 

There was a 20 msec delay i n  both the  ground and f l i g h t  drop systems meaning t h a t  the 

subjects were dropped 20 msec p r i o r  t o  the comnand t o  i n i t i a t e  data c o l l e c t i o n  and 

recording. Landing times on the ground were obtained using r ibbon switches placed 

under a rubber mat. I n f l i g h t  contact w i t h  the deck of the Spacelab was detected w i t h  a 

f o o t  shaped set of r ibbon switches attached t o  the subject 's  r i g h t  foot .  Both the 

i n f l i g h t  and ground drops were obtained wi th  the subject 's  eyes open, p r i m a r i l y  f o r  

sa fe ty  reasons. 
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To inves t iga te  the  re la t i onsh ip  o f  L e  direc, ves t ibu lo  

H-ref lex response, EMG a c t i v i t y  a *unction of the  sudden d 

gastrocnemius muscles o f  t he  subject 's  l e f t  leg, was amp l i f i  

between 1 Hz and 1 KHz and d i g i t i z e d  i n  r e a l  t ime a t  1000 samples/sec. The RMS ampli- 

tude o f  the  EMG a c t i v i t y  was then determined over a 100 msec sweep t h a t  was windowed 

between 50 and 150 msec o f  t h e  t o t a l  t ime o f  t he  sudden f a l l .  The i n f a n t  (AMED) d i s -  

posable electrodes used t o  record EMG a c t i v i t y  were placed on the  b e l l y  o f  the gastroc- 

nemius muscle over t a t t o o  marks. The loca t ion  o f  these t a t t o o  marks were determined, 

and placed by  Watt t o  ob ta in  s i m i l a r  data w i t h  the  Spacelab-1 crew (Young, et. al., 

1984). Method o f  app l i ca t ion  was the  same as t h a t  used f o r  the electrodes employed t o  

record the  H-reflex. P r i o r  t o  each set o f  drops, t he  EMG was ca l i b ra ted  w i th  an 

external  s igna l  appl ied through the  electrode cable leads. 

Space Motion Sickness and Self-Motion Reports 

Both the  degree and seve r i t y  o f  space motion sickness experienced-by the  fou r  crew- 

members was monitored by t h i s  experiment and as p a r t  of another experiment (Young, et .  

al., 1984). This was done w i t h  in terv iews and a questionnaire which were ca l i b ra ted  by 

the  crewmen's p r e f l i g h t  response t o  t e r r e s t r i a l  provocative motion sickness tes t ing .  A 

rank ing procedure was appl ied t o  the  f l i g h t  motion sickness responses, and the  ranked 

order r e l a t e d  t o  the  peak H-ref lex drop t o  shock p r e f l i g h t  average fo r  each crewman and 

_ _  - 

w i t h  t h e  p o s t f l i g h t  H-ref lex curves. 

Self-motion responses were obtained p re f l i gh t ,  i n f l i g h t  and p o s t f l i g h t .  The crewmen 

were asked t o  describe the  sensation experienced dur ing the  sudden f a l l s  and t o  note 
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my unusual e f fects  o r  i l l u s i o n s .  

plane motion and t r a n s l a t i o n a l  sensations. 

I n  par t icu lar ,  they were t o  repo r t  duration, out  of 

. .  
RESULTS 

(Figure 3 about here) 

Motoneuron Pool E x c i t a b i l i t y  

Figure 3 shows a t y p i c a l  set  o f  responses t o  a b r i e f  unexpected f a l l  from l g  t o  f r e e  

f a l l  ( a  step accelerat ion o f  9.8 m/sec2). The response i n  the box a t  the top o f  the 

f i g u r e  i s  t he  con t ro l  H-ref lex response t h a t  was obtained approximately 3 t o  5 sec 

p r i o r  t o  the actual drop. The top t race ( located i n  a box) shows the t e s t  H-ref lex i n  

response t o  the drop. I n  t h i s  case the t e s t  shock was del ivered a t  a drop t o  shock 

delay o f  50 msec. Note the large potent ia t ion o f  the H-reflex, w i t h  no change apparent 

i n  the M-wave response, as a func t i on  o f  the drop. The second t race  represents the EMG 

data obtained from the gastrocnemius muscles o f  the r i g h t  leg. The t h i r d  t race  i s  the 

v e r t i c a l  p o s i t i o n  o f  t he  eye i n  response t o  the drop. The f o u r t h  t race  from the top 

represents Z ax is  accelerat ion ( the sharp t r a n s i t i o n  i n  accelerat ion i s  not observable 

i n  t h i s  t race  because o f  the 20 msec delay i n  data acqu is i t i on  from. the t ime o f  the 

actual drop). Landing t ime r e l a t i v e  t o  the release o f  the subject  i s  indicated by the 

v e r t i c a l  dashed l i n e  a t  167 msec. 

- _  

(Figure 4 about here) 

Figure 4 i s  a t y p i c a l  drop t o  shock response curve showing the po ten t i a t i on  o f  the 

H-ref lex as a func t i on  of drop t o  shock delay time. The v a r i a b i l i t y  (*l SEM) ind icated 

on t h i s  graph i s  representat ive o f  the t y p i c a l  variance associated w i th  data co l l ec ted  

w i t h  t h i s  method. Each data po in t  that  represents a drop t o  shock delay t ime i s  the 

average response of 20 H-ref lex responses obtained over f i v e  p r e f l i g h t  t e s t  days from 
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one subject  w i t h  f o u r  responses recorded a t  each drop t o  shock delay f o r  each t e s t  

session. Note t h a t  po ten t i a t i on  o f  the  H-ref lex begins between 30 and 40 msec and 

reaches a maximum peak value a t  80 msec. The percent change on the Y axis represents a 

dif ference percentage where the t e s t  &ref lex response i s  t he  d i f ference from the 

average c o n t r o l  response. That is ,  percent change from average contro l  response i s :  

HT - H€ 

where HT i s  the t e s t  H-ref lex a m p l i t u d e , x  i s  the average H-ref lex amplitude o f  a l l  

con t ro l  drops from an experimental session. 

(Figure 5 about here) 

Figure 5 represents a p r e f l i g h t  summary o f  the fou r  crewmen tested. Again each drop 

t o  shock delay p o i n t  represents an average o f  20 H-ref lex responses f o r  each o f  the 

fou r  subjects. This f a m i l y  o f  curves shows t h a t  there were considerable p r e f l i g h t  d i f -  

ferences i n  the  motoneuron pool e x c i t a b i l i t y  between the crewmen tested. The maximum 

response from subject  D was less than 300% change i n  H-ref lex amplitude over con t ro l  

values, whi le  t h a t  f o r  subject A was as high as 1100%. A two way analysis o f  variance 

(Winer, 1971; Lin, 1983) w i t h  one repeated measure (drop t o  shock delay t ime) and one 

grouping f a c t o r  (subject )  was s i g n i f i c a n t  (p < 0.001) f o r  a l l  f ac to rs  when a Dunnett 

(1964) unadjusted p-value was used for  the subject  factor  (non-repeated measure) and 

- 
- -  

t he  Greenhouse-Gei sser adjusted p-val ue (Greenhouse and Gei sser, 1959) was used w i t h  

the repeated fac to rs  (drop t o  shock delay t ime and subject by drop t o  shock delay). 

The Dunnett t e s t  (Dunnett, 1964; Winer, 1971), - a p o s t e r i o r i  m u l t i p l e  comparison t e s t  

ind icated t h a t  a l l  subjects were s i g n i f i c a n t l y  d i f f e r e n t  from each other ( p  < 0.01). 

11 



This d i f ference i n  magnitude was re la ted  t o  i n f l i g h t  space motion sickness suscep t ib i l -  

f t y  (see below) as experienced by t he  i nd i v idua l  crewmembers. 

P r e f l i g h t ,  I n f l i q h t  and P o s t f l i g h t  H-Reslex Sumnarx 

(Figure 6 about here) 

Figure 6 shows p re f l i gh t ,  i n f l i g h t  and p o s t f l i g h t  response curves f o r  subject A. 

This i s  a complete fam i l y  o f  curves w i t h  two i n f l i g h t  measurements which i nd i ca te  t h a t  

the percent change of the H-reflex obtained a f te r  approximately 24 hours on o r b i t  was 

s i m i l a r  t o  the  p r e f l i g h t  response. By the seventh day i n f l i g h t  (MET-06) i t  was c lea r  

t h a t  a dramatic change had occurred. The H-ref lex no longer showed po ten t i a t i on  as a 

funct ion o f  t he  drop t o  shock delays as i t  d i d  p r e f l i g h t  o r  e a r l y  i n f l i g h t .  I n  con- 

t r a s t ,  the R+O data (approximately 2.5 hr a f ter  landing) showed a large, three-fold, 

p o t e n t i a t i o n  o f  the H-ref lex over p r e f l i g h t  averages. By R + l  there was a response 

decrease i n d i c a t i n g  a tendency f o r  re turn t o  baseline. However, the data f o r  R+2 

showed a rebound w i t h  a maximum percent change above R+l and R+O. It i s  possible t h a t  

the rebound was caused by an intervening parabol ic f l i g h t  used as p a r t  o f  the post- 

f 1 i g h t  t e s t  procedures f o r  another group o f  experiments (Young, e t  :--al., 1984). This 

rebound continued on R+4 and R+6 w i t h  approximately a f o u r - f o l d  increase i n  the  percent 

change over the p r e f l i g h t  maximum. No addi t ional  data were co l l ec ted  f o r  subject  A 

fo l lowing the R+6 test .  A r e t u r n  t o  baseline values i s  assumed based on the data 

obtained from subject  B (see below). 

- .  

(Table I about here) 

The r e s u l t s  o f  the global F-test  (Winer, 1971) on the percent change o f  H-wave peak 

responses f o r  subject A compared w i th  the peak con t ro l  responses showed a s i g n i f i c a n t  

dif ference ( p  < 0.01) f o r  t e s t  day, drop t o  shock delay t ime and t e s t  day by delay 

time. The Dunnett (Dunnett, 1964; Winer, 1971) - a p o s t e r i o r i  m u l t i p l e  comparison t e s t s  
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on the  data fo r  subject  A (see Table I) showed t h a t  t he  means o f  the  percent change of 

t he  H-ref lex responses of a l l  i n f l i g h t  and p o s t f l i g h t  t e s t  days, except MET-01 were 

s i g n i f i c a n t l y  d i f fe ren t  (P < 0.01) from that  o f  the  p r e f l i g h t  t e s t  days. 
. .  

No i n f l i g h t  data was obtained from-subject B on MET-02 due t o  space motion sickness 

problems. However, the percent change i n  the  H-ref lex response on MET-06 was equiva- 

l e n t  t o  t h a t  obtained from subject  A. That i s ,  the  H-ref lex showed l i t t l e  o r  no poten- 

t i a t i o n  as a func t i on  o f  t he  drop t o  shock delay. Pos t f l i gh t ,  on R+O there was a la rge  

increase i n  peak H-ref lex responses from a p r e f l i g h t  average o f  900% t o  approximately 

1900%. As 

w i th  subject  A, there was a rebound on R+2 and R+4 which resu l ted  i n  peak percent 

changes near those obtained f o r  R+O. By R+6, subject  B was showing a tendency t o  

r e t u r n  t o  basel ine values w i t h  a maximum drop t o  shock percent change o f  approximately 

1300% over the  average con t ro l  response f o r  t h a t  day. Subject B was again tes ted  on 

R+120, and showed responses somewhat lower than the  p r e f l i g h t  values. Because o f  the  

long i n t e r v a l  between R+6 and R+120 i t  cannot be determined when the  r e t u r n  t o  basel ine 

a c t u a l l y  occurred. An ove ra l l  F- test  (Winer, 1971) showed t h a t  there  was a s i g n i f i c a n t  

d i f f e rence  ( p  < .01) f o r  percent changes o f  H-ref lex peak responses- when compared t o  

the con t ro l  responses fo r  t e s t  day, drop t o  shock delay t ime and t e s t  day by delay 

time. The Dunnett (Dunnett, 1964; Winer, 1971) - a p o s t e r i o r i  m u l t i p l e  comparison t e s t s  

(see Table I )  showed t h a t  t he  means o f  the percent changes o f  the  f i v e  p r e f l i g h t  t e s t  

days combined, and o f  the  i n f l i g h t  and p o s t f l i g h t  t e s t  days were s i g n i f i c a n t l y  d i f f e r -  

ent  ( p  < .01). The data obtained f r o m  subject B on R+120 were no t  subject  t o  t h i s  

analysis, bu t  due t o  the  s i m i l a r i t y  w i t h  the  p r e f l i g h t  average i t  i s  reasonable t o  

assume t h a t  t h i s  t e s t  day was not s i g n i f i c a n t l y  d i f f e r e n t .  

On R + l  t he  maximum percent change had dropped below the  R+O value t o  1700%. 

- .  
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AS ind,:ated above, subjects C and D were no t  tested i n f l i g h t ,  o r  p o s t f l i g h t  on 

R+O. For t h e  days t h a t  they were tested, the H-ref lex amplitude f o r  subject C showed a 

po ten t i a t i on  of approximately 800% over contro l  values f o r  R+l and R+2. This i s  an 

increase o f  about 200 t o  300% above the- .pref l ight  value. By R+4 subject C had returned 

t o  baseline. Even with the s l ight  response po ten t i a t i on  p o s t f l i g h t  the o v e r a l l  F-test  

(Winer, 1971) f o r  subject  C d i d  not  show a s i g n i f i c a n t  d i f f e rence  i n  percent change of 

the H-ref lex responses as a function of t e s t  day o r  t e s t  day by drop t o  shock delay 

time. For t h i s  reason data from subject C was not  subjected t o  t h e  Dunnett (Dunnett, 

1964; Winer, 1971) - a p o s t e r i o r i  mu l t i p le  comparison test .  

The data f o r  subject  0 indicated a p r e f l i g h t  peak percent change form con t ro l  values 

of approximately 260%. There was l i t t l e  change p o s t f l i g h t  on R + l  from the p r e f l i g h t  

response. On R+2 there was a s l i g h t  rebound (peak H-ref lex response o f  400%) which was 

s t a t i s t i c a l l y  s i g n i f i c a n t  (see Table I), but const i tu ted a minor change when compared 

w i t h  the p o s t f l i g h t  changes f o r  subjects A and B. By R+4 subject  D had returned t o  

basel ine and remained there through R+6. 

P r e f l i g h t ,  I n f l i g h t  and P o s t f l i g h t  M-Wave Summary 

The M-wave percent change as measured from the average c o n t r o l  responses f o r  each 

subject d i d  not  show a s i g n i f i c a n t  di f ference (p  > 0.05) when tested w i t h  a global  

F- test  (Winer, 1971) as a funct ion o f  t e s t  day, drop t o  shock delay t ime o r  t e s t  day by 

drop t o  shock delay time. These data ind icate t h a t  the percent changes observed w i t h  

the  H-ref lex r e f l e c t  the e x c i t a b i l i t y  of the motoneuron pool, and n o t  l o c a l  e f f e c t s  i n  

the r e f l e x  arc o r  a r t i f a c t .  
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14 and H-Reflex Recruitment Curves 

The M and H-reflex recruitment curves which were generated f o r  subjects A, B and C 

when tes ted  w i t h  a two-way analysis '  o f  variance (Winer, 1971; Lin, 1983) w i t h  one 

repeated measure (shocks a t  the predetermined strengths) and one grouping factor (sub- 

j e c t s )  d i d  no t  show a s i g n i f i c a n t  change dur ing p r e f l i g h t  and p o s t f l i g h t  test ing,  o r  

between p r e f l i g h t  and p o s t f l i g h t  tests .  Subject D d i d  show a s i g n i f i c a n t  d i f fe rence 

between t e s t  days (p  < 0.05), but no t  f o r  t e s t s  w i t h i n  a spec i f i c  day (p  > 0.05). 

I n f l i g h t ,  t he  M and H-ref lex recruitment curves f o r  subjects A and B were s i m i l a r  t o  

those obtained dur ing ground based test ing.  However, because o f  v a r i a b i l i t y  o f  l e g  

pos i t i on  under bungie tension (confirmed by observation o f  video tape), t he  i n f l i g h t  

H-wave recrui tment curves showed some var iat ion.  This va r ia t i on  was always i n  the  form 

o f  a peak response of the  H-reflex which occurred e i t h e r  on MET-01 o r  MET-06 without a 

consis tent  pa t te rn  and resu l ted  i n  s ign i f i can t  d i f ferences (p  > 0.01) as determined by 

po in ts  f a l l i n g  outside *1 SEM whenever t h i s  random va r ia t i on  was encountered. However, 

a l l  spurious po in ts  remained w i th in  *2 SEM. 

Gastrocnemius EMG A c t i v i t y  ~- 
- .  

The pref 1 i g h t  EMG data were very consistent. Latency and amp1 i t ude  measurements, 

both w i t h i n  and across a l l  four  subjects indicated a s tab le baseline. When subjected 

t o  a two-way analysis of variance (Winer, 1971) no s i g n i f i c a n t  d i f ferences were 

observed . f o r  the  p r e f l i g h t  data. Because there  were no di f ferences, a s ing le  mean 

score f o r  la tency and amplitude was derived. Latency o f  t he  EMG response which repre- 

sented the  f i r s t  detectable a c t i v i t y  fol lowing release averaged 93.97 msec w i t h  a v a r i -  

ance of k5.24 SEM. The p r e f l i g h t  mean RMS amplitude ca lcu lated over the  50 t o  150 msec 

i n t e r v a l  f o r  each drop across a l l  four subjects was 251 mv and had a SEM o f  *57.2. 
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$ 

average (across a l l  p o s t f l i g h t  t e s t  days) p o s t f l i g h t  EMG la tenc 

each subject  d i d  no t  d i f f e r  s i g n i f i c a n t l y  ( p  > 0 
t r 

p r e f l i g h t  baseline. Pos t f l igh t  la tency f o r  a l l  subjects averaged 93.63 msec (*4.55 

SEM), and RMS amplitude averaged 243.5 dv (S9.94 SEM). Ind iv idua l  t e s t  day p o s t f l i g h t  

f o r  each subject, when compared w i th  the  p r e f l i g h t  basel ine d i d  no t  show any s i g n i f i -  

cant di f ferences. However, subject B d i d  show an immediate p o s t f l i g h t  increase i n  RMS 

amplitude. Subject 8 was the  f i r s t  avai lable subject and was tested approximately 130 

min p o s t f l i g h t .  A t  t h a t  t ime he showed a 200% increase i n  RMS amplitude when t h a t  per- - 

centage was der ived as a funct ion o f  the average p r e f l i g h t  response. By 135 min post- 

f l i g h t ,  t he  percent RMS amplitude r e l a t i v e  t o  p r e f l i g h t  had decreased t o  90%, and by 

147 min r e t u r n  t o  basel ine was evident. 

(Figure 18 about here) 

Perceived Motion and Sensations 

When questioned about t h e i r  sensation t o  t he  sudden drop i n f l i g h t ,  subjects A and B 

reported t h a t  on day seven (MET-06) they  d id  not f e e l  as though they were f a l l i n g  when 

compared t o  t h e i r  experience on the ground, o r  f o r  subject B w i t h  t h m e  drops on f l i g h t  

day two (MET-01). By MET-06 the sensation was described as "being shot out  o f  a 

cannon", o r  "very abrupt and unpleasant" and "they ( the  drops) were a surpr ise when it 

happened". Subject 8, i n  a p o s t f l i g h t  debrief ing, sa id  t h a t  the  drops on MET-06 f e l t  

as though someone had placed t h e i r  hands on h i s  shoulders and pushed very hard causing 

him t o  be Yranslated' l  t o  the  f l o o r  o f  the Spacelab. A l l  repor ts  were confirmed w i th  

-._ - 

video tapes taken of t he  i n f l i g h t  drops. 

d i d  no t  know where t h e i r  f e e t  o r  legs were, and were unprepared t o  land. 

( A )  " f e l l "  ( f a i l e d  t o  maintain h i s  balance) several t i m e s  dur ing the  MET-06 drops. 

It frequent ly appeared as though the  crewmen 

One subject  
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The p o s t f l i g h t  drops on R+O and R+1 were reported by the crewmen tested i n f l i g h t  t o  

be s i m i l a r  t o  t h e  i n f l f g h t  drops on MET-06. That i s ,  t he  f a l l  was hard, abrupt and the 

landing was a surprise. A l l  crewmen reported t h a t  p o s t f l i g h t  the sensation was not  a 

f a l l ,  bu t  t h a t  t he  f l o o r  came up to..meet t h e i r  feet. These sensations continued 

through t e s t i n g  on R+2 w i t h  a decreasing frequency. 

Space Motion Sickness and the H-Reflex 

The degree and seve r i t y  of space motion sickness experienced by the fou r  crewmembers 

who p a r t i c i p a t e d  i n  t h i s  experiment was monitored as p a r t  o f  another experiment (Young, 

et. al., 1984), and i n  a less con t ro l l ed  fashion by our experiment and mission opera- 

t i o n s  (Homick, e t .  al., 1984). A b r i e f  summary o f  the r e s u l t s  ind icated t h a t  three o f  

the f o u r  subjects experienced frank sickness (vomit ing) more than once dur ing the f i r s t  

three days o f  the f l i g h t .  The f o u r t h  crewmember was asymptomatic. A l l  crewmembers d i d  

take antimotion sickness medication. When ranked (by our experiment) f o r  s e v e r i t y  o f  

symptoms experienced dur ing f l i g h t  we found symptom strength t o  be greatest i n  subjects 

A and B, and l e a s t  i n  subject C. This rank order was then compared wi th  the  peak 

H-ref lex drop t o  shock p r e f l i g h t  average f o r  each crewman and wit.h the p o s t f l i g h t  

H-ref lex curves. The r e s u l t s  show t h a t  subjects A and B (stronger symptoms) both had 

the  greater H-ref lex po ten t i a t i on  p r e f l i g h t  and p o s t f l i g h t .  Subject C, ranked t h i r d ,  

had less  p r e f l i g h t  H-ref lex potent iat ion,  and p o s t f l i g h t  changes qu ick l y  returned t o  

baseline. Subject D, who was asymptomatic had a very low H-ref lex po ten t i a t i on  pre- 

f l i g h t  when compared w i t h  subjects A, B and C, and showed o n l y  minor change p o s t f l i g h t  

over h i s  p r e f l i g h t  H-ref lex maximum drop t o  shock amplitude. 

17 



DISCUSSION 

Otol i t h  Reinterpret  a t  i on 
. .  , ,  

We postu la te t h a t  prolonged free f a l l  i s  a form o f  sensory-motor rearrangement, and 

t h a t  adaptation t o  t h i s  rearrangement r e s u l t s  i n  r e i n t e r p r e t a t i o n  by the b ra in  o f  the 

o t o l i t h  receptor input  ra the r  than a change i n  o t o l i t h  receptor s e n s i t i v i t y .  This 

r e i n t e r p r e t a t i o n  i s  required f o r  structured and meaningful i n t e r a c t i o n  w i t h  and reac- 

t i o n  t o  the a l te red  environment o f  o r b i t a l  f l i g h t .  

M e l v i l l  Jones (1974) may have been the f i r s t  t o  note t h a t  adaptive changes dur ing 

o r b i t a l  f l i g h t  could leave the b ra in  temporar i ly  unresponsive t o  o t o l i t h  s t imu la t i on  by 

the steady "g" vector. Young, Oman and t h e i r  colleagues (Young, et.  al., 1984; Oman, 

1982) suggested " o t o l i t h  re in te rp re ta t i on "  as one o f  several possible consequences o f  

prolonged weightlessness which they examined i n  the MIT-Canadian Spacelab 1 exper i -  

ments. 

Data from t h i s  vest ibulo-spinal  experiment support an o t o l i t h  remt -e rp re ta t i on  hypo- 

thesis. Under normal g r a v i t y  condit ions, sudden f r e e  f a l l  e l i c i t s  an o t o l i t h - s p i n a l  

r e f l e x  i f  the body's Z axis i s  p a r a l l e l  t o  t he  g r a v i t y  vector ac t i ng  on the body mass 

and the  f a l l  i s  i n  the  d i r e c t i o n  o f  the g r a v i t y  vector. This re f l ex  response prepares 

the body f o r  the impact decelerat ion o f  landing fo l l ow ing  the  f a l l .  

- .  

During space f l i g h t  a f a l l ,  defined as l i n e a r  t r a n s l a t i o n  p a r a l l e l  t o  grav i ty ,  i s  

meaningless because g r a v i t y  i s  absent. Consequently the adaptive b ra in  learns t o  

i n t e r p r e t  dur ing f l i g h t  a l l  o t o l i t h  signals as i n d i c a t i n g  l i n e a r  t r a n s l a t i o n  ra the r  

than f a l l s ,  and r e f l e x  responses o r d i n a r i l y  e l i c i t e d  by f a l l s  are l o s t .  
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Both perceptual and phy 

t a t i o n  hypothesis 

were perceived as fa l l s ,  bu t  fo l lowing adaptation the  drops were perceived -as ;sudden 

unexpected movement t o  t h e  pace1 ab. Crewman A 

I n  the f l i g h t  (MET-01) f e l t  much as they d i d  p r e f l i g h t .  The H-ref lex changes associ- 

ated w i t h  these drops a lso were s i m i l a r  t o  those obtained p r e f l i g h t .  Later  i n  the 

f l i g h t  (MET-06) the  drops were perceived as sudden, f a s t  and hard. A t  l eas t  one crew- 

man (B)  described the  l a t e  i n f l i g h t  drops as t rans la t ion .  

of where t h e i r  legs and f e e t  were and exhib i ted d i f f i c u l t i e s  i n  maintaining balance 

fo l lowing "landing." Late i n  f l i g h t  the  H-reflex was mot  potent ia ted by the  drops. 

The crewmen were no t  aware - 

O t o l i t h  r e i n t e r p r e t a t i o n  was also supported by the  p o s t f l i g h t  perceptual responses. 

The drops p o s t f l i g h t  were perceived j u s t  as they were on MET-06 i n f l i g h t .  That is ,  the 

crewmen were unaware o f  where t h e i r  f e e t  were and the  drops were perceived as sudden. 

They d i d  no t  f e e l  as though they were f a l l i n g ;  rather,  " the f l o o r  came up t o  meet 

them." 

Evidence f o r  o t o l i t h  re in te rp re ta t i on  was no t  seen i n  the  postel i -ght  phys io log ica l  

response data. We suggest t h a t  t he  H-reflex would not  have been potent ia ted by drops 

imnediately a f t e r  landing and t h a t  r e f l e x  readaptation had occurred p r i o r  t o  our f i r s t  

-_ - 

pos t f  1 i g h t  observations. Apparently some re f l ex  responses readapt t o  normal g r a v i t y  

very rap id ly .  

The H-ref lex and the  D i r e c t  Vestibulo-Spinal Reflex 

We have postulated, as p a r t  o f  t he  o t o l i t h  r e i n t e r p r e t a t i o n  hypothesis, t h a t  modifi- 

ca t ion  o f  t h e  H-reflex po ten t i a t i on  would r e f l e c t  cen t ra l  and p l a s t i c  changes ra the r  
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than d i r e c t  changes i n  per ipheral  o t o l i t h  receptor s e n s i t i v i t y .  This hypothesis may 

also have been supported by t he  d i r e c t  vestibulo-spinal r e f l e x  recorded by Watt (Young, 

et. al., 1984), and by t h i s  experiment. We assume t h a t  both responses are mediated 

through the b r a i n  stem vest ibu lar  nuc’lel, and both responses should have shown the  same 

r e l a t i v e  changes i n  magnitude and d i rec t i on  as a funct ion of the f l i g h t .  I n f l i g h t ,  

t h i s  assumption was correct .  That i s ,  both the H-ref lex and the d i r e c t  vest ibulo- 

spinal  response (Young, et.  al., 1984) showed a decrease i n  amplitude as the f l i g h t  

progressed. Fol lowing the f l i g h t ,  Watt reported (Young, et.  al., 1984) t h a t  the d i r e c t  

vest ibulo-spinal  response was unchanged from the p r e f l i g h t  values. Our immediate mea- 

surements o f  the d i r e c t  vest ibular-spinal  r e f l e x  p o s t f l i g h t  f o r  the f i r s t  subject 

tested (we were able t o  t e s t  t h i s  subject p r i o r  t o  h i s  being tested by any other inves- 

t i g a t i o n )  d i d  show an increase i n  RMS amplitude which decl ined very r a p i d l y  t o  pre- 

f l i g h t  values. However, ne i ther  the immediate r e t u r n  t o  basel ine f o r  the d i r e c t  

vest ibulo-spinal  r e f l e x  nor the lack o f  an increase i n  amplitude as measured by Watt 

(Young, et.al., 1984) was consistent wi th the large p o s t f l i g h t  po ten t i a t i on  o f  t he  

H-ref lex. There are several p o s s i b i l i t i e s  which may account fo r  these dif ferences. 

F i r s t ,  the d i r e c t  vest ibulo-spinal  r e f l e x  may not r e f l e c t  cen t ra l  changes whi le  the  

H-ref l e x  may r e f l e c t  both per ipheral  and centra l  response modif icat ions. Taborikova 

(1973) has suggested t h a t  supraspinal inf luences can form a background o f  supraspinal 

a c t i v i t y  (as w e l l  as l o c a l  segmental changes) and t h a t  t h i s  a c t i v i t y  i s  r e f l e c t e d  i n  

the s i z e  o f  t he  H-ref lex. Second, the H-reflex i s  a loop stimulus-response paradigm 

which may be susceptible t o  descending input d i f f e r e n t l y  than the d i r e c t  vest ibulo- 

spinal  response. Related t o  t h i s  concept i s  the p o s s i b i l i t y  t h a t  the H-ref lex as an 

evoked p o t e n t i a l  e l i c i t s  the simultaneous discharge o f  a large populat ion o f  c e l l s .  

- _  

The la rge  po ten t i a t i on  of the H-ref lex p o s t f l i g h t  has been supported by the r e s u l t s  

from several Soviet f l i g h t s  which found s im i la r  p o s t f l i g h t  changes i n  both the H and 
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et. a1 T-reflexes f o r  8 ou t  of 10 crewmembers (Koslovskaya 1981, 1982, and 1983). A 

p o t e n t i a t i o n  o f  t h e  T-reflex was a lso observed fo l l ow ing  one o f  our Skylab f l i g h t s  

(Baker, et.  al., 1977). It i s  also important t o  note t h a t  the Soviets repo r t  recovery 

curves t h a t  were no t  complete even by ,t.he seventh day p o s t f l i g h t .  While these obser- 

vat ions support our resul ts,  and t h e  f l i g h t  re la ted  changes i n  t he  sensory motor con- 

t r o l  system are c l e a r l y  evident, the precise mechanisms under ly ing these changes are 

not  c u r r e n t l y  understood. 

Ground vs F l i g h t  Drops 

There were several d i f ferences between the drop st imulus encountered by the astro- 

nauts dur ing p r e f l i g h t  and p o s t f l i g h t  t e s t i n g  and those experienced dur ing o r b i t a l  

f l i g h t .  F i r s t ,  the ground based drops provided a step accelerat ion from l g  t o  Og. 

I n f l i g h t  the st imulus provided a negative accelerat ion from Og t o  -1g when the c a l i -  

brated bungie cords pu l l ed  the subjects t o  the deck o f  t he  spacelab. The i n f l i g h t  

drops were no t  a constant step acceleration. That i s ,  t he  bungie cords were l i n e a r  

on l y  over a small range and would qu i ck l y  "unload". Second, the p o s i t i o n  o f  the otoco- 

n i a  i n  sustained f r e e  f a l l  provided a neural b ias t h a t  would be d- i f ferent  than t h a t  

encountered dur ing ground test ing.  This would be p a r t i c u l a r l y  t r u e  i f  the  primary 

o t o l i t h  organs st imulated by a sudden f a l l  were saccular. 

- _  

There i s  some support f o r  a change i n  saccular bias. G u a l t i e r o t t i  (1972) reported 

( t h e  on ly  o t o l i t h  organ s ing le  u n i t  data obtained from o r b i t a l  f l i g h t )  t h a t  f r o g  oto- 

l i t h  receptor u n i t s  show a slow c y c l i c  modulation fo l l ow ing  i n t roduc t i on  i n t o  weight- 

lessness, and t h a t  a f t e r  4 t o  5 days u n i t  response r a t e  i s  analogous t o  t h a t  observed 

p r e f l i g h t .  Superimposed on the adapted state was an increased s e n s i t i v i t y  t o  t rans ien t  

accel e r  a t  i on. 
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However, ne i the r  our M and H-wave recruitment data, nor our i n f l i g h t  drop data con- 

f i r m  t h e  existence of  a change I n  saccular bias. That is?, the i n f l i g h t  recruitment 

data fo r  subject  A ( t h e  on ly  subject from which recruitment data was obtained e a r l y  and 

l a t e  i n f l i g h t )  ind icated no change in ' .e i ther  percent change o r  threshold of t he  H- 

r e f l e x .  The drops for  subject  A indicated on MET-01 H-ref lex percent changes s i m i l a r  

t o  those obtained p re f l i gh t ,  whi le the responses on MET-06 were not  potent iated as a 

function o f  t he  drop t o  shock delays. 

Experimental Control Parameters 

What inf luence do s t i m u l i  other than descending ves t i bu la r  s ignals  have on the  lum- 

bosacral motoneuron pool, and can t h e i r  inf luence e f f e c t  the H-ref lex response recorded 

dur ing a sudden f a l l ?  Stretch, e i t h e r  act ive o r  passive, o f  t h e  soleus o r  an te r io r  

t i b i a l  muscle (Hoehler, et .  al., 1981; Taborikova, e t .  al., 1966; Hugon, 1973; Tanaka, 

1976; Buchthal and Schmalbruch, 1976; Go t t l i eb  and Agarwal, 1978) can a f f e c t  the ampli- 

tude o f  the H-reflex. However, the t ime course required t o  modulate the H-ref lex as a 

funct ion o f  muscle s t re t ch  can be as long as 100 t o  400 msec (Taborikova, e t .  al., 

1966) o r  long as 300 msec fo l l ow ing  a voluntary p l a n t a r f l e x i o n  of-$he foot (Got t l ieb 

and Agarwal, 1978). I n  the l g  drops the f o o t  was always s l i g h t l y  p lan ta r f l exed  and re -  

laxed. Rotat ion o f  the ankle (do rs i f l ex ion )  d i d  not  begin u n t i l  w e l l  i n t o  the drop (> 

80 msec). This observation was confirmed with both the EMG recorded from the gastroc- 

nemius and measurement of f o o t  angle from f i l m  and video tape dur ing the f a l l  (Reschke, 

et .  al., 1984b). 

- _  

Segmental in f luence produced by muscle a c t i v i t y  i n  add i t i on  t o  soleus/gastrocnemius 

was also a concern. Physiological studies (Abzug, referenced i n  Wilson, 1975) have 

shown f i b e r s  i n  the  l a t e r a l  vest ibulospinal  t r a c t  go t o  the c e r v i c a l  region and t o  the 
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lumbar region, b u t  there i s  a s ign i f i can t  number o f  f i b e r s  t h a t  go t o  both ce rv i ca l  and 

lumbar regions. While the  func t i on  o f  these f i b e r s  may not  be clear,  there was concern 

t h a t  if the  subject  was required t o  ho ld h i s  body weight w i t h  h i s  hands and arms p r i o r  

t o  a drop, t he  c e r v i c a l  i npu t  could make the H-ref lex response inconsistent and va r i -  

able, o r  produce a po ten t i a t i on  such as tha t  seen when a Jendrassik maneuver i s  per- 

formed (Gassel and Diamantopoulos, 1964). The special  harness which we used f o r  the 

drops d i d  no t  requ i re  the astronaut t o  bear h i s  weight w i t h  arms and hands. Hands were 

on ly  placed on the drop mechanism t o  s t a b i l i z e  the body, o r  i n  the  case o f  the Og drops 

t o  prevent the drop handle from s t r i k i n g  the subject 's  head. 

Propr iocept ive and cutaneous input  can also modulate the H-ref lex (Taborikova, 1973) 

through i n h i b i t i o n .  This i s  p a r t i c u l a r l y  t rue  i f  the propr iocept ive o r  cutaneous input  

shares the same dermatome w i t h  the lumbosacral motoneuron pool. To prevent t h i s  type 

of in teract ion,  care was taken t o  insure t h a t  straps o r  any moving p a r t  o f  the drop 

apparatus d i d  not  come i n  contact w i th  the legs o r  feet .  I n  addit ion, e l e c t r i c a l  cur- 

r e n t  strengths were always kept a t  a minimum l e v e l  t o  reduce cutaneous input. 

H-ref lex as a Measure o f  Vestibulo-Spinal Response - _  

The la tency o f  motoneuron pool e x c i t a b i l i t y  measured i n  t h i s  study cannot be a t t r i b -  

uted t o  descending ut r icu lo-saccular  a c t i v i t y  t o  the  exclusion o f  a l l  other p o s s i b i l i -  

t i e s .  However, there i s  considerable evidence t h a t  the response we measured was due t o  

vest ibu lar  s t imulat ion.  

Ea r l y  i n  t h e  nineteenth century, invest igators  began systemat ica l ly  t o  l i n k  the ves- 

t i b u l a r  apparatus t o  posture. Flourens observed disturbances o f  posture i n  pigeons 

when the ves t i bu la r  apparatus was ablated. However, i t  was almost a century l a t e r  t h a t  
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Magnus pub1 ished h i s  c lass i c  work describing vest ibu lar  funct ion and body posture. 

These papers inc lude a descr ip t ion of t h e  Sprungbereitschaft r e f l e x .  This r e f l e x  con- 

s i s t s  of an extension of the h ind and fore l imbs i n  response t o  sudden downward accel- 

erat ion,  which disappears fo l l ow ing  ablat ion o f  the labyr inths.  An English summary o f  

these e a r l y  works i s  contained i n  Camis (1930). 

More r e c e n t l y  Money and Scott (1962) used the Sprungbereitschaft r e f l e x  as a qua l i -  

t a t i v e  measure o f  o t o l i t h  receptor function. They a lso reduced the  p o s s i b i l i t y ,  

through surg ica l  blockage, t h a t  the semicircular canals could con t r i bu te  t o  t h i s  

response. Under these condi t ions the  postural r e f l e x  t o  a sudden drop was s t i l l  exhib- 

i ted.  However, f o l l o w i n g  b i l a t e r a l  labyrinthectomy the response was abolished. 

Recent experiments ( M e l v i l l  Jones and Watt, 1971) have demonstrated a shor t  latency 

EMG response, recorded from the gastrocnemius i n  man, t o  t he  sudden unexpected i n i t i a -  

t i o n  o f  a shor t  f a l l .  This response had a very consistent la tency o f  approximately 75 

msec regardless o f  t he  height from which the subjects were dropped. Cats were found t o  

e x h i b i t  a s i m i l a r  shor t  latency response which was permanently abolished by b i l a t e r a l  

labyrinthectomy, bu t  no t  by surg ica l  blocking o f  the semic i rcu lar  canals (Watt, 1976). 

Greenwood and Hopkins (1974; 1976a; 1976b) have extended t h i s  e a r l i e r  work and found 

t h a t  i n  longer f a l l s  (200 msec), the i n i t i a l  shor t  latency EMG bu rs t  was fol lowed by a 

second peak of a c t i v i t y  timed t o  occur before the moment o f  landing. These same inves- 

t i g a t o r s  (Greenwood and Hopkins, 1976a) also have shown t h a t  t he  e a r l y  b u r s t  o f  EMG 

a c t i v i t y  was no t  present when 1 abyrinthectomited man was suddenly dropped, confirming 

the e a r l i e r  animal work o f  Watt (1976). 
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More recent ly,  Watt (1981) investigated the  e f fec t  o f  labyrinthectomy on the  H- 

r e f l e x  i n  cats  subjected t o  a sudden f a l l .  Normal cats demonstrated an e a r l y  suppres- 

sion of the H-ref lex (un l i ke  t h e  f a c i l i t a t i o n  we have measured i n  t h i s  study o r  those 

of Greenwood and Hopkins, 1977). Th is 'ea r l y  suppression was e f f e c t i v e l y  abolished i n  

the 1 abyrinthectomized animals. 

It should be mentioned t h a t  Benson (1959) d i d  not f i n d  a s i g n i f i c a n t  change i n  

H-ref l e x  amp1 i t u d e  recorded from the gastrocnemius-soleus muscles i n  response t o  decel- 

e r a t i o n  from a constant angular ve loc i ty .  These r e s u l t s  may suggest t h a t  H-ref lex 

measurement o f  lumbosacral motoneuron e x c i t a b i l i t y  i s . s p e c i f i c  t o  l i n e a r  acceleration, 

or  t h a t  the H-ref lex contro l  amplitude was establ ished above 50% o f  maximum value. 

Possible Vestibulo-SDinal Mechanisms 

. Wilson (1985) has suggested t h a t  t he  simplest pathway by which o t o l i t h  spinal  r e -  

f l exes  could be mediated would be from the o t o l i t h  a f fe ren ts  t o  vest ibu lar  nucleus 

neurons and down the vest ibulo-spinal  and u t r i cu losp ina l  t r a c t s  t o  spinal  interneurons 

and f i n a l l y  motoneurons. Assuming t h a t  t h i s  i s  the simplest pathway,.is the o r i g i n  o f  

the H-ref lex modulation p r i m a r i l y  u t i c u l a r  o r  saccular? Gacek (1969) has shown by 

actual  count t h a t  the innervat ion from the u t r i c l e  and saccule comprise one-half t o  

- _  

one-third o f  the a f fe ren t  p o r t i o n  o f  the vest ibu lar  nerve trunk i n  the cat. O f  t h i s  

count, there i s  more representation of the u t r i c u l a r  f i b e r s  than saccular terminat ion 

i n  the l a t e r a l  vest ibu lar  nucleus. This work has been supported by phys io log ica l  

studies which found t h a t  i n  the l a t e r a l  vest ibular nucleus u n i t s  responding monosynap- 

t i c a l l y  t o  ves t i bu la r  nerve s t imulat ion were found i n  the  ros t roven t ra l  p a r t  of the 

l a t e r a l  nucleus (Wilson, et .  al., 1967), and t h a t  s ing le  u n i t s  responding t o  t i l t  (pre- 

sumably u t r i c u l a r  u n i t s )  were represented i n  a l l  f ou r  ves t i bu la r  nuc le i ,  but  w i t h  the 

highest r a t i o  i n  the descending and l a t e r a l  nuc le i  (Petersen, 1970). 
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These anatomical and phys io log ica l  observations are important when we consider pos- 

s i b l e  mechanisms f o r  i o $ e n t f a t i o n  o f  t h e  H-reflex as a funct ion of a sudden e a r t h  wr- 

t i c a l  f a l l .  The present experiment cannot de l ineate whether the  responses we have 

observed are u t r i c u l a r  +or saccular fn-&.igin. However, i t  seems l i k e l y  t h a t  the great- 

e r  representat ion of u t r f c u l a r  f ibers  t o  the l a t e r a l  ves t ibu la r  nucleus i s  an important 

aspect. I n  t h i s  respect, t h e  p r o j e c t i o n  o f  l a t e r a l  ves t ibu la r  nuc le i  c e l l s  t o  lumbo- 

sacral  segments ( v i  a t h e  1 a t e r a l  v e s t i  bulo-spinal t r a c t )  has been we1 1 documented by  

i n v e s t i g a t o r s  both anatomical ly and e lec t rophys io log ica l l y  (Pompeiano and Brodal , 1957; 

Lund and Pompeiano, 1968; Nyberg-Hansen, 1970; Loken and Brodal, 1970; Wilson, et. a1 . , 
1967; Petersen, 1970; Petersen, 1972; Wilson and Yoshida, 1968; Wilson and Yoshida, 

1969). More important has been the  demonstration o f  somatotopic o r i g i n a t i o n  o f  t h e  

l a t e r a l  v e s t i b u l a r  nucleus by many o f  t h e  same invest igators .  For example, i t  has been 

shown t h a t  t h e  dorsocaudal reg ion o f  the  l a t e r a l  ves t ibu la r  nucleus consis ts  mainly o f  

c e l l s  t h a t  p r o j e c t  t o  t h e  lumbosacral cord (Mi lson, e t  a1 , 1967; Petersen, 1970). 

These pathways provide a mechanism f o r  u t r i c u l a r  (although not  a l l  monosynaptic) t o  

the lumbosacral motoneuron pool and modulation o f  t h e  H-ref lex i n  response t o  a sudden 

f a l l .  It may seem more reasonable t o  consider t h a t  t h e  pr imary inpltt--would be saccular 

because o f  t h e  o r i e n t a t i o n  o f  the  saccular macula. However, t h e  a n t e r i o r  p o r t i o n  o f  

t h e  u t r i c u l a r  macula i s  s l i g h t l y  curved and or ien ted  i n  the  v e r t i c a l  plane w i t h  sensory 

c e l l  o r i e n t a t i o n  such t h a t  depolar izat ion would occur i n  response t o  a sudden f a l l .  

-.. . 

There are two arguments against there being o n l y  saccular i n p u t  i n  response t o  a 

sudden drop. F i r s t ,  there i s  evidence t h a t  saccular inpu t  t o  t h e  ves t ibu la r  n u c l e i  may 

p l a y  a more ascending r o l e  (Hwang and Poon, 1975), and cont r ibu te  t o  v e r t i c a l  eye move- 

ments. An attempt was made t o  inves t iga te  t h i s  concept by recording v e r t i c a l  eye move- 

ments p r e f l i g h t  and p o s t f l i g h t  (Reschke, e t .  al., 1984b). No change was found i n  t h e  
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eye movements i n  the  p o s t f l i g h t  study. Second, there i s  evidence t h a t  i npu t  response 

i s  n o t  h e a v i l y  weighted f o r  posture o r  locomotion. Squi r re l  monkeys were subjected t o  

u n i l a t e r a l  u t r i c u l a r  o r  saccular macula dest ruct ion ( w i t h  a u n i l a t e r a l  stapedectomy 

c o n t r o l  group), and tested f o r  s e v e r i t y - o f  l e f t  t o  r i g h t  locomotor a tax ia  on a runway 

test .  The group w i t h  the saccular ablat ion d i f f e r e d  on ly  s l i g h t l y  from controls, whi le  

the  u n i l a t e r a l  u t r i c u l a r  ab lat ion group was severely a tax ic  (Igarashi, et.  a1 ., 1975). 

H-Reflex and Space Motion Sickness 

One of t h e  most i n t e r e s t i n g  f i nd ings  o f  t h i s  i nves t i ga t i on  was the r e l a t i o n s h i p  of 

space motion sickness t o  amplitude of the H-reflex. There are three possible explana- 

t i o n s  f o r  t h i s  observation. F i r s t ,  the amplitude o f  the H-ref lex could be r e l a t e d  t o  

the r e l a t i v e  weight each ind i v idua l  crewman assigns t o  the ut r icu lo-saccular  system f o r  

s p a t i a l  or ientat ion.  It i s  now c lea r  t h a t  head movement i n  o r b i t a l  f l i g h t  i s  associ- 

ated w i t h  space sickness (Young, et. al., 1984; Thornton, 1983; Parker, et.  al., 1985), 

and t h a t  p i t c h  and r o l l  head movements are p a r t i c u l a r l y  provocative. Those ind i v idua ls  

who do no t  r e l y  heav i l y  on informat ion f rom the o t o l i t h  receptors t o  provide s p a t i a l  

o r i e n t a t i o n  may f i n d  head movements i n  weightlessness t o  be l ess  gf a problem ( l ess  

provocative and less d is turb ing) .  That is ,  they may e a s i l y  r e i n t e r p r e t  t he  s ignals  

from t h e  ut r icu lo-saccular  system and on t h i s  basis modify responses ( i nc lud ing  eye 

movements, vest ibulo-spinal  s ignals and other physiological  parameters) t o  be consis- 

t e n t  w i t h  t h e i r  self-motion perception. 

Second, the  r a t e  a t  which s ignals are re in terpreted may also be an important feature 

i n  t h e  adaptation process. The one crewman who was asymptomatic on the  Spacelab-1 

f l i g h t ,  and the  second who had less severe symptoms, were the two crewmembers who also 

showed the  most r a p i d  r e t u r n  t o  basel ine post f l ight .  They were able t o  r e i n t e r p r e t  the 

o t o l i t h  s ignal  more r a p i d l y  than those who were ill f o r  a longer per iod o f  time. 
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The t h i r d  p o s s i b i l i t y  would include both o f  t he  above a l ternat ives.  That f 

i d e a l  p ro tec t i on  against  space motion sickness would be t o  assfgn less  weigh 

o t o l  i t h  

support 

whom we 

receptor input, and t o  modify the  remaining input  as r a p i d l y  as possible. 'Some 

f o r  t h i s  concept was obtained w i th  one crewperson who f l e w  recent ly,  an'd from 

were able t o  ob ta in  p r e f l i g h t  and p o s t f l i g h t  H-ref lex responses t o  a sudden 

. .  

drop (Reschke, 1985). 

curve was very s i m i l a r  t o  subject  A ' s  on the  Spacelab 1 f l i g h t .  

predic ted t h a t  t h i s  crewperson would experience space motion sickness. This p red ic t ion  . 

was confirmed. The p o s t f l i g h t  t e s t  d i d  not show a la rge  potent ia t ion,  and from t h i s  

data we fu r the r  predic ted t h a t  h i s  motion sickness episode i n f l i g h t  would be l imi ted.  

This p red ic t i on  was a lso confirmed. 

This astronaut's p r e f l i g h t  H-ref lex drop t o  shock po ten t ia t ion  

From t h i s  curve we 
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SUBJECT 

SUBJECT 
A 

SUBJECT 
B 

SUBJECT 
D 

TABLE I 

RESULTS OF THE DUNNETT TESTS 

PERCENT CHANGES OF H-REFLEX PEAK TO PEAK RESPONSES AS A 
FUNCTION OF THE CONTROL RESPONSES (EACH INDIVIDUAL INFLIGHT 

AND POSTFLIGHT TEST DAYS VERSUS THE PREFLIGHT AVERAGE) 

PREFLIGHT 
INFLIGHT ANC 
POSTFLIGHT 
TEST DAY 

PREFLIGHT 
R + O  
R + l  

R + 4  
R + 2  

R + 6  
MET-01 
MET-06 

PREFLIGHT 
R + O  
R + l  

R + 4  
R + 6  

R + 2  

MET-06 

PREFLIGHT 
R + l  
R + 2  
R + 4  
R + 6  

N 

- 
180 
36 
36 
36 
36 
36 
19 
14 
- 
~ 8 0  
36 
36 
36 
36 
36 
13 

.80 
36 
36 
36 
36 

- 

- 

~ 

MEAN AND S.E.M. 

617.8 (34.5 
1925.7 (255.9 
1080.0 (130.0 
1568.3 (192.2 
2311.0 (259.8 
2321.7 (269.6 
648.3 (127.0 
185.5 (34.2 

439.0 (25.9) 
928.5 (134.6) 
866.8 (125.7) 

1070.2 (156.9) 
953.3 (147.4) 
730.0 (95.1) 
117.7 (28.5) 

163.7 (8.8) 
166.3 (17.0) 
233.2 (25.5) 
153.3 (13.3) 
182.7 (18.7) 

DIFF FROM 
PREFLIGHT 

AVERAGE 

----- 
1308 
46 2 
,950 

1693 
1703 

30 
432 

----- 
489 
428 
631 
514 
291 

-321 

----- 
2.6 

69.6 

18.6 
-10.6 

NOTE: * INDICATES SIGNIFICANCE AT THE 0.01 LEVEL. 

DIFF/S 

----- 
13.7* 
4.8" 
9.9* 

17.7* 
17.8* 
0.32 

-7.6* 

----- 
11.5* 
10.1* 
14.9* 
12.1* 
6.9* 

-7.6* 

----- 
0.3 
7.9* 

-1.2 
-2.1 

CRITICAL VALUI 
FROM DUNNETT 

TABLE 

-e---  

3.15 
3.15 
3.15 
3.15 
3.15 
3.15 
3.15 

----- 
3.11 
3.11 
3.11 
3.11 
3.11 
3.11 

----- 
3.00 
3.00 
3.00 
3.00 

S = 2 MS error/n = 95.75 FOR SUBJECT A. 
42.47 FOR SUBJECT B. 
8.70 FOR SUBJECT D. 
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FIGURE CAPTIONS 

FIGURE ONE 

H-reflex pathway, stimulation and recording methods as applied to astronaut sub- 

jects. A brief 1 msec constant current pulse, limited to 20 ma maximum was applied to 

the needle cathode electrode inserted into the popliteal fossa at a predetermined and 

tattooed location. A needle was selected as the active stimulating electrode to avoid 

movement artifact during the sudden fall. Sterile techniques were used for insertion 

of the needle, including the application of betadine,. The anode was a 135 cm2 plate 

secured above the patella with rubber straps and surgical tape. Care was taken to 

prevent ischemia when the anode was applied. The recording electrodes were placed at 

predetermined and tattooed locations near the insertion of the soleus into the tendon. 

Prior to their application the skin surface was cleaned with alcohol, and a 1 mm long 

scratch was placed in the skin to lower electrode impedance. Impedance was verified 

and electrodes replaced if it was above 5K ohms. All recording was bipolar. The 

single body ground was placed lateral to the recording electrodes forming an equilater- 

al triangle. Prior to collection o f  the recruitment curves or data-from .- a sudden fall, 

the placement of the electrodes and dynamic range o f  the muscle response was verified. 
- _  
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FIGURE TWO 

The drop hook assembly f o r  ground tes t i ng  was a quick release he l i cop ter  cargo 

hook. I n f l i g h t  the drop assembly was .provided by Watt (Young, et .  al., 1984). The 

handle on which the  subject was hung from the  assembly was attached t o  a quick release 

leve r  under computer contro l .  The subject was connected t o  the  handle w i t h  straps from 

a shoulder harness. These s t raps and harness re l i eved  the  subject from bearing h i s  own 

weight. Hands were on ly  placed on the drop handle f o r  s t a b i l i t y .  The dashed l i n e s  

ind ica te  the  ca l i b ra ted  bungie cords used t o  p u l l  the subject t o  the  Spacelab deck. 

FIGURE THREE 

Analog parameters recorded from subject B 10 days p r i o r  t o  f l i g h t .  A l l  data was 

co l l ec ted  and d i g i t i z e d  on- l ine  i n  r e a l  time. The cont ro l  response i s  located i n  a 

box. The amplitude o f  t he  M-wave was 2168 mv and t h a t  o f  the  H-ref lex was 544 mv. 

Below the  cont ro l  response i s  t he  M and H-ref lex t e s t  response, e l i c i t e d  a t  a drop t o  

shock i n t e r v a l  o f  70 msec, EMG from the gastrocnemius, eye p o s i t i o n  and s k u l l  accelera- 

t ion .  Note c a l i b r a t i o n  values. 
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FIGURE FOUR 

Drop to shock potentiation of the average preflight H-reflex response obtained for 

subject B. This figure has not been adjusted for the 20 msec time delay inherent in 

the drop system. Potentiation begins at a drop to shock interval of approximately 30 

to 40 msec. The response variance, presented as *l SEM in  this figure was representa- 

tive of the four subjects tested. 

FIGURE FIVE 

Comparison of the average preflight drop to shock H-reflex potentiation of the four 

astronauts. Note that there is considerable difference in motoneuron pool excitability 

between each of the crewmen tested. The downward trend beginning at 80 msec for sub- 

jects B and C may have been due to their height (a longer H-reflex loop). 

FIGURE SIX 

Drop to shock H-reflex potentiation sumnary representing the response changes recorded 

from subject A preflight baseline. Immediately postflight the H-reflex is potentiated 

approximately 3-fold. By R+l the potentiation shows a trend to return to baseline. 

However, on R+2 the potentiation shows a rebound that continues and increases beyond 

response amplitude obtained on R+O. 

ing the flight. 

Subject A was last tested seven days (R+6) follow- 

Inflight testing show At that time he had not returned to baseline. 

that the 24 hr (MET-01) H-reflex drop to shock potentiation was similar to that ob- 

tained preflight. By MET-06 the H-reflex shows little or no potentiation as a function 

of the drop to shock interval. 
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